The reason why some bird species live in family groups is an important question of evolutionary biology that remains unanswered. Families arise when young delay the onset of independent reproduction and remain with their parents beyond independence. Explanations for why individuals forgo independent reproduction have hitherto focused on dispersal constraints, such as the absence of high-quality breeding openings. However, while constraints successfully explain within-population dispersal decisions, they fail as an ultimate explanation for variation in family formation across species. Most family-living species are long-lived and recent life-history studies demonstrated that a delayed onset of reproduction can be adaptive in long-lived species. Hence, delayed dispersal and reproduction might be an adaptive life-history decision rather than 'the best of a bad job'. Here, we attempt to provide a predictive framework for the evolution of families by integrating life-history theory into family formation theory. We suggest that longevity favours a delayed onset of reproduction and gives parents the opportunity of a prolonged investment in offspring, an option which is not available for short-lived species. Yet, parents should only prolong their investment in offspring if this increases offspring survival and outweighs the fitness cost that parents incur, which is only possible under ecological conditions, such as a predictable access to resources. We therefore propose that both life-history and ecological factors play a role in determining the evolution of family living across species, yet we suggest different mechanisms than those proposed by previous models.
INTRODUCTION
Understanding what factors select for the cohesion of families is an important question of evolutionary biology that remains unanswered. Family living occurs in a wide range of taxa and sets the scene for cooperative kin societies and complex social behaviours, such as cooperative breeding (Brown 1987; Cockburn 1998) . In birds and other animals, families usually form when mature offspring forgo dispersal and independent reproduction and remain with their parents (Brown 1987; Emlen 1994) . Since prompt dispersal and independent reproduction are viewed as the optimal strategy to maximize lifetime reproductive success, research has previously focused on identifying constraints on independent reproduction. Several studies have shown that a shortage of high-quality breeding openings or other ecological constraints (EC) limit offspring dispersal and independent breeding (reviewed in Hatchwell & Komdeur 2000) . However, this explanation lacks predictive power because offspring in most species face some sort of constraint but disperse promptly after independence (Hatchwell & Komdeur 2000; Cockburn 2003) .
Phylogenetic analyses revealed two important characteristics of family living. First, family living has a strong phylogenetic component, being unevenly distributed between families (or between genera in families that present both cooperative and pair breeders), and is the ancestral state in several lineages (Cockburn 1996; Arnold & Owens 1998; Cockburn 2003) . Second, family living occurs more frequently among long-lived bird species (Arnold & Owens 1998) . This latter finding represents an important link to life-history theory that has previously been recognised (Brown 1987; PruettJones & Lewis 1990; Emlen 1991; Hatchwell & Komdeur 2000) , but has not been carefully considered in studies addressing the evolution of family living (but see Russell 1989; Ekman & Rosander 1992; Arnold & Owens 1998; Ekman et al. 2001a) .
Life-history theory predicts that long-lived species should benefit from a delayed onset of reproduction (Goodman 1974; Stearns 1992; Charlesworth 1994) , and this has been supported by studies that demonstrated a positive effect of delayed onset of reproduction on lifetime reproductive success in long-lived bird species (Stacey & Ligon 1987; Ekman et al. 1999; Krü ger 2005) . Furthermore, longevity not only gives the option to offspring of delaying the onset of reproduction, but it also reduces the cost to parents of a prolonged investment in offspring (Ekman & Rosander 1992) . Extended parental investment is an important factor that has been suggested to facilitate family formation (Brown 1987; Ekman et al. 2001a; Ekman 2006) . Integrating life-history theory into family formation theory could therefore provide important insights to explain the distribution of families among species.
Here, we attempt to stimulate research into the evolution of family living by providing a new testable framework. We will focus on factors that select for family cohesion and thus will not address the hypotheses associated with cooperative breeding, because in most species, cooperative breeding is a consequence of family cohesion and families may exist in the absence of cooperative breeding (Ekman et al. 2001a; Ekman 2006) . We argue that delayed onset of independent reproduction in long-lived species might be an adaptive life-history strategy to maximize individual fitness, instead of being a 'best-of-a-bad-job' strategy. In addition, only parents in long-lived species can afford a prolonged investment in offspring, although this additional investment is only possible when parents have a predictable access to resources. An extended parental investment enhances the fitness of offspring that remain on the parental territory. Consequently, a delayed onset of reproduction combined with increased parental investment can select for the maintenance of families.
PREVAILING VIEWS: ECOLOGICAL CONSTRAINTS AND LIFE-HISTORY HYPOTHESES
Delayed dispersal and family formation have been widely regarded as a direct response to EC on independent reproduction (Koenig & Pitelka 1981; Emlen 1982; Koenig et al. 1992 ; table 1). Individuals fail to disperse and reproduce after reaching independence because some constraint, such as lack of suitable territory or shortage of mates, prevents them from doing so (Emlen 1982; Hatchwell & Komdeur 2000) . Intraspecific studies where individuals dispersed to breed if vacancies were experimentally created provided compelling support for the EC hypothesis (e.g. Seychelles warblers Acrocephalus sechellensis ( Komdeur 1992) , superb fairy-wrens However, this model has been less successful when comparing the effect of EC in different populations (Stacey & Bock 1978; Rathburn & Montgomery 2003; Carmen 2004 ). Additionally, it remains unclear why in some species, such as fairy-wrens, individuals faced with constraints on reproduction remain at home with their parents, whereas in other species, like northern-temperate Parus tits, individuals always leave, even when faced with strong constraints (e.g. Ekman 1989) . Or why can delayed dispersal and family living be found in the presence of suitable breeding openings or in the absence of dispersal constraints (e.g. Emlen 1990; Macedo & Bianchi 1997; Baglione et al. 2002; Covas et al. 2004; Baglione et al. 2005) . The failure in explaining this variation between species suggests that EC have a predictive power on dispersal decisions within populations, but are not able to explain why species evolve into solitary or family living and poses a challenge to the EC hypothesis that has not been sufficiently acknowledged (but see Hatchwell & Komdeur 2000; Ekman et al. 2001a; Cockburn 2003) .
Attempts to provide an explanation that could account for the interspecific variation in family formation prompted comparative analyses, which indicated that living in family groups is more common in species with high survival and low fecundity (Russell 1989; Cockburn 1996; Arnold & Owens 1998) . This idea was formalized in the 'life-history (LH) hypothesis' ( Russell 1989; Arnold & Owens 1998) , which proposes that the evolution of families is a two-step process: low annual mortality predisposes avian lineages to cooperative breeding through a slow territory turnover, then ecological characteristics, such as being sedentary, further lead to an overcrowded population and reduced breeding Table 1 . Main hypothesis put forward to explain the evolution of delayed independent reproduction (DR) and dispersal. ecological constraint; Emlen (1982) hypothesis DR is as a response to constraints on dispersal options. Habitat saturation or environmental variation leads to the lack of high-quality openings and offspring delay dispersal strong point manipulation of constraints explains dispersal patterns within some species weak points most species face some sort of constraints and do not delay dispersal; does not explain interspecific variation life-history; Arnold & Owens (1998) hypothesis DR has a phylogenetic component and is more frequent in long-lived species since they occupy their territories for longer, leading to habitat saturation and preventing younger individuals from obtaining breeding positions strong point partly explains the phylogenetic pattern of DR and attempts to reconcile cooperation with its life-history correlates weak points the majority of long-lived species are not cooperative; in practice proposes the same mechanism as the EC hypothesis and hence has the same weak points prolonged investment: parental nepotism; Brown (1987) ; Ekman et al. (2001a) hypothesis offspring gain direct fitness benefits from a prolonged association with their parents due to nepotistic parental behaviour that improve offspring fitness strong point explains why offspring should prefer to wait for the onset of reproduction at home and hence provides the basis to understand family formation. brings together parental investment and life-history characteristics weak points neglects the role of life-history characteristics on reproductive decisions of offspring; does not entirely explain interspecific variation openings (Arnold & Owens 1998) . Recognizing the relationship between life histories and family living was an important step, since it helped understanding the patchy phylogenetic distribution of families (Cockburn 1996; Arnold & Owens 1998; Hatchwell & Komdeur 2000) that could not be reconciled with any ecological features ( Ford et al. 1988; du Plessis et al. 1995; Arnold & Owens 1999) . However, there are several problems with the current formulation of the LH hypothesis (see also Ekman et al. 2001a; Cockburn 2003) . First, habitat saturation occurs whenever recruitment of individuals into a given population exceeds mortality (Kokko & Lundberg 2001) as, for example, in northern-temperate Parus species, which have high fecundity and low survival and nonetheless show prompt dispersal (Ekman 1989; Cramp & Perrins 1993) . Second, although the majority of family-living species are long-lived, the majority of long-lived species does not live in families (Cockburn 2003) . Third, the mechanism proposed by the LH hypothesis is still an 'EC' mechanism: independent breeding is limited since high longevity of territory owners, instead of some characteristic of the species' ecology, is expected to slow down the territory turnover (Russell 1989; Arnold & Owens 1998) . Hence, the mechanism proposed by the LH hypothesis cannot account for the formation of families in the absence of habitat saturation (e.g. Baglione et al. 2005) , or explain why some species with obvious constraints on reproduction disperse to float or breed in lower quality habitats (e.g. Carmen 2004 ).
THE ROLE OF LIFE HISTORIES REVISITED
Given that longevity is a prevailing characteristic of species that exhibit delayed dispersal and family living, understanding the link between these two factors remains an important question and one that might shed light on the distribution of family living across species. The key is to determine which characteristics associated with longevity might predispose species to delay dispersal. We argue that the positive relationship between high survival and the age at first reproduction observed across species coupled with an extended parental investment that only long-lived species can afford might explain the link between lifehistory characteristics and the prevalence of family living.
(a) Age of first breeding in a life-history context Animal life histories are represented over a continuum that ranges from slow life histories typified by low fecundity, slow development and high survival, to high fecundity, fast development and low survival (Roff 1992; Stearns 1992) . The optimal onset of reproduction is also linked to lifespan: in short-lived species, reproduction is expected to start early in life (Stearns 1992; Charlesworth 1994) and offspring should disperse quickly to be able to find a breeding vacancy (Nilsson 1989) .
Long-lived species, on the contrary, might benefit from delaying the onset of reproduction. These species have typically low fecundity and increase their lifetime reproductive success through maximizing the number of breeding events in life (Goodman 1974; Clutton-Brock 1988; Charlesworth 1994; Barbraud & Weimerskirch 2001; Martin 2002) . In these species, individuals should be reluctant to engage in any activities that might decrease their lifespan, since even small reductions in survival can reduce their fitness through a lower number of lifetime breeding attempts (Clutton-Brock 1988) . A comparative study of parental risk taking supported this hypothesis that long-lived bird species are more risk adverse than shortlived species (Ghalambor & Martin 2001) : individuals from species with low survival prospects incurred higher risks in order to reduce the risks to their young, while individuals from species with higher survival prospects responded by reducing the risks to themselves.
Breeding activity incurs several costs (Williams 1966; Stearns 1992) , including decreased survival prospects (Golet et al. 1998; Visser & Lessells 2001) , lower future reproductive investment (Young 1996; Hanssen et al. 2005) or decreased health state (Ardia et al. 2003; Hanssen et al. 2005) . Importantly, reproductive costs can be higher for young breeders, since they are less experienced, poorer competitors and less likely to settle in good quality territories (Ens et al. 1995; Ekman et al. 2001b) . As a result, they might experience increased mortality (Pyle et al. 1997; Tavecchia et al. 2001; Orell & Belda 2002) and lower reproductive success (Green 2001; Krüger 2005 ) when compared with individuals that start breeding later in life.
Hence, an early onset of reproduction might pose a substantial fitness cost to long-lived species, particularly under poor breeding conditions. This prediction has been supported by several studies on long-lived species that found higher lifetime reproductive success for individuals with delayed reproduction than for individuals that started breeding early in life, both in family-living species (acorn woodpeckers Melanerpes formicivorus, Stacey & Ligon 1987; Seychelles warblers, Komdeur 1992 ; Siberian jays Perisoreus infaustus, Ekman et al. 1999 ) and a species with prompt juvenile dispersal (goshawk Accipiter gentiles, Krü ger 2005). Therefore, contrary to what is proposed by the EC hypothesis or LH, empirical studies suggest that the delayed onset of reproduction in long-lived species, and thus most family-living species, might in fact be a selected trait and not only a best-of-a-bad-job response to dispersal constraints. It should also be noticed that the delayed onset of reproduction in family-living birds is unlikely to be caused by delayed sexual maturity, since physiological studies demonstrated that retained 1-yearold offspring are sexually mature ( Vleck et al. 1991; Schoech et al. 1996) .
Whenever a suitable breeding opening emerges, individuals have to weight the benefits of taking the opening, which is dependent on environmental factors (e.g. territory quality, population density, mate quality, mate availability) and intrinsic factors (own phenotypic quality, sex or age). For example, in a population of superb fairy-wrens (Pruett-Jones & Lewis 1990), the sex ratio was biased towards males and young males did not disperse into vacant territories from which the females had been removed. However, they dispersed promptly when the females were reintroduced into those territories. Hence, both the species' life history and the breeding conditions found should influence dispersal decisions. Where key resources are scarce or unpredictable in occurrence, individuals should be more opportunistic than where conditions are more stable and predictable.
While delaying reproduction might often be advantageous, this alone does not explain delayed dispersal, since young can wait for a high-quality breeding opening away from the natal territory and, in fact, the majority of Review. Life-history and family living in birds R. Covas & M. Griesser 1351 species does appear to do so (Koenig et al. 1999; Cockburn 2003) . So why delay dispersal and associate with the parents? (b) Slow life histories and prolonged parental investment Staying on the parental territory gives the benefits of remaining in a familiar territory and of a prolonged association with the parents, which entails important direct fitness benefits for offspring (table 2; see also review in Ekman 2006). In particular, parents provide nepotistic access to resources and predator protection to their offspring that they withhold from unrelated immigrants (Ekman & Griesser 2002; Griesser 2003; Griesser & Ekman 2004 , 2005 . These benefits have been shown to result in a fitness gain to philopatric offspring through substantially improved survival (Griesser et al. 2006) . Moreover, philopatric offspring in many species help to raise younger siblings and may thereby gain both direct and indirect (kin selected) fitness benefits (Brown 1987; Emlen 1991; Griffin & West 2003) . However, indirect benefits of alloparental care can only occur if offspring delay dispersal until the next reproductive event (Ekman 2006) , and thus per se cannot select for the formation of families (Ekman et al. 2001a) . In spite of the incentive to remain in the natal territory provided by the direct benefits gained through associating with the parents, individuals in most species disperse after independence. Why do so many species disperse and float?
A slow life-history influences reproductive decisions of not only the offspring but also the parents. Work by Ekman and colleagues indicates that only in species with high survival parents can afford to invest in prolonged parental care after offspring independence without increasing their own mortality disproportionably (Ekman & Rosander 1992; Ekman et al. 2001a; Ekman 2005, unpublished data) . A recent model that analysed natal dispersal under different life-history scenarios indicated that the crucial factor for the evolution of delayed dispersal is the ratio of parent versus offspring survival (Ekman unpublished data). Parents should invest into extended parental care only when the expected increment in offspring survival compensates for the increase in parental investment. Hence, there is a potential conflict between parent and offspring over investment: for the offspring, it is advantageous to delay dispersal at a lower survival gain, but the parents require a larger offspring survival gain due to incongruent fitness interests. Thus, when the increment in offspring survival does not reach the necessary threshold, delayed dispersal is unlikely to evolve (see also Kokko & Lundberg 2001 for a discussion on the consequences of differential survival of philopatric offspring and floaters). This could be the case for species with either very low or, particularly, very high juvenile survival. Hence, it could explain why delayed dispersal is absent in long-lived species such as storks and herons (Cramp & Simmons 1977) , where survival of dispersing juveniles may be very high in any case and thus juveniles would not benefit significantly from an extended parental investment.
For parents, the cost/benefit ratio of retaining young will change with offspring age. Parental investment in early offspring life has a higher value than investment later on, since juvenile mortality can be expected to decrease through time as, for example, young become more efficient foragers (Desrochers 1992) or less susceptible to predators (Martin 1995) . In addition, the onset of a new reproductive event influences parental investment strategies and may lead to the eviction of philopatric offspring by their parents ahead of the breeding season, as Cockburn (1998) a Although in about 50% of all cases no indirect fitness benefit to helper was possible to measure.
reported in the Texas green jay Cyanocorax yncas, grey jay Perisoreus canadensis or superb fairy-wren M. cyaneus (Gayou 1986; Strickland & Ouellet 1993; Mulder 1995) . Older offspring can also represent a reproductive competitor Ridley & Sutherland 2002; West et al. 2002) , which can explain why parents become less tolerant towards philopatric offspring over time, as reported in the Siberian jay (Ekman et al. 1994) . In spite of the potential advantages associated with waiting for the initiation of breeding activity on the natal territory close to the parents, in many species with low adult mortality and deferred breeding, the offspring disperse directly after independence. Hence, life history alone cannot account for the distribution of family living across species. What other factors might differ among slow life-history species with delayed dispersal and those with prompt dispersal?
THE ROLE OF ECOLOGY AND DEMOGRAPHY REVISITED
Several studies have looked for ecological correlates of family living, but failed to find common factors ( Ford et al. 1988; du Plessis et al. 1995; Arnold & Owens 1999 ; see also review in Hatchwell & Komdeur 2000) , suggesting that ecological models have limited potential to explain the occurrence of family living (Hatchwell & Komdeur 2000; Cockburn 2003 ). The only aspect that has been repeatedly linked to family living in both observational and theoretical studies is year-round territoriality (Russell 1989; Arnold & Owens 1999; Kokko & Lundberg 2001; Ekman 2006) . This suggests that a predictable and exclusive access to resources to share with the offspring is a key ecological characteristic that makes extended care affordable to parents (see also Ekman et al. 2001a; Ekman 2006) . Hence, environmental characteristics that cause individuals to abandon their territory after the breeding season are likely to disrupt family cohesion. This process is illustrated by carrion crows Corvus corone populations in Italy and Spain (Baglione et al. 2005) . Spanish crows live mostly in family groups, whereas only pair breeding is known in Italy. The Spanish population inhabits an area where suitable habitat remains unoccupied, and where competition and variation in habitat quality are low (Baglione et al. 2002) . In contrast, the non-philopatric Italian population inhabits a highly variable and competitive environment. The key difference behind these dissimilarities in kin structure between populations seems to be the distribution of resources outside the breeding season. Year-round territoriality is possible in Spain, whereas the patchy and temporally variable distribution of food in intensive agricultural areas in Italy forces the crows to move continually outside the breeding season (Baglione et al. 2005) .
Despite the traditional emphasis on year-round residency to promote the evolution of delayed dispersal and family living, examples from migratory Bewick's swans Cygnus columbianus, barnacle geese Branta leucopsis and common cranes Grus grus support the suggestion that predictability in access to resources might be the crucial factor. In all the three species, offspring migrate together with their parents to the wintering grounds, where parents defend winter territories and give offspring exclusive access to feeding resources and protection from intraspecific competitors (Scott 1980; Black & Owen 1987; Alonso et al. 2004) . If parents cannot provide significant benefits to offspring through resource sharing or other forms of protection, then offspring benefit less from a prolonged association with their parents and are likely to disperse after independence. This mechanism could explain why family living is ostensibly missing from long-lived groups, such as seabirds. The almost complete absence of family living in seabirds with the exception of some skuas Stercorarius spp. ( Hemmings 1994 ) is particularly challenging, because, in addition to a slow life history, many seabirds are highly philopatric and offspring often return to breed within few metres of their hatching site. However, if there are no advantages in maintaining family cohesion after young gain independence and leave the colonies, then the family bond is broken.
A PATHWAY TOWARDS FAMILY LIVING
In this paper we have attempted to identify the shortcomings of previous frameworks and bring together studies on life history and family living to provide a new framework to understand variation in family formation across bird species. We propose that family formation across species might evolve as follows (figure 1): lifehistory strategies play a role through favouring a delayed onset of reproduction in long-lived species, i.e. individuals in these species should prefer to breed when they are more experienced and can have access to better territories (or wait for better breeding conditions). Simultaneously, only long-lived species can afford prolonged parental investment. Moreover, any prolonged investment should be guided by changes in survival prospects of both parents and offspring. Parents should only invest in prolonged care to their offspring if this investment substantially improves offspring survival and discontinue investing when this improvement is no longer significant (e.g. when offspring acquire better skills). Also, parents should only invest in offspring beyond independence if they have a predictable access to resources and in the absence of within-family competition for resources. Hence, similarly to the LH hypothesis (Arnold & Owens 1998 , we suggest that the evolution of family living results from a combination of life-history predisposition and ecological facilitation. However, the processes proposed here differ from those suggested by the LH hypothesis: slow life histories predispose clades to family living, given the intrinsic tendency to delay the onset of independent reproduction and the possibility for parents of a prolonged investment in offspring. In addition, ecological characteristics determine whether or not parents can afford to share resources or provide other forms of protection to their offspring. Finally, within species or populations, the frequency and quality of breeding openings should influence individual decisions on independent breeding, i.e. in agreement with EC hypothesis.
However, the proposed framework does not exclude the possibility that family associations might arise through different pathways. For example, cooperatively breeding long-tailed tits (Aegithalos caudatus) are short-lived and individuals always attempt to breed in their first year of life, as predicted by life-history theory (Hatchwell et al. 1999) . Interestingly, in this species, family cohesion is reached through a different pathway. Owing to high nest Review. Life-history and family living in birds R. Covas & M. Griesser 1353 predation, population density is low, reducing kin competition and giving offspring the option to delay dispersal and remain associated with their parents throughout their first winter. Then, they disperse and attempt to reproduce independently, but return to the parental territory to help their relatives if their own breeding attempt fails. In this species, family living seems unrelated to life-history characteristics and appears instead linked to environmental factors that allow the family structure to be kept after the breeding season and to their nesting in close spatial association.
TESTING THE ADAPTIVE DELAYED DISPERSAL HYPOTHESIS
Our framework emphasizes the need to address the evolution of family living at an interspecific level. While some questions can only be addressed at the intraspecific level (see below), more interspecific studies are needed to compare how different species respond to variation in different factors. Below we develop some ideas on how to test the framework proposed (see also figure 1) .
One of the basic issues of our hypothesis is that delayed reproduction and dispersal in long-lived species might be adaptive and not just a result of constraints. In other words, it might be a better strategy for offspring to remain at home than to disperse and breed under suboptimal conditions. Thus, a key prediction of our model is that the delayed onset of reproduction is only a beneficial strategy in long-lived species but not in short-lived ones. This is an important point since it could explain the link between longevity and propensity for sociality. We therefore predict that longer-lived species are more likely to avoid breeding in suboptimal conditions to avoid incurring a higher reproductive cost and compromising their lifetime reproductive success. In contrast, short-lived species cannot afford to postpone the onset of reproduction and thus should breed under poorer conditions, since they have fewer chances of additional breeding opportunities during their short lives. This hypothesis can be tested by manipulating breeding conditions to create less favourable conditions, or territories, in species with contrasting survival prospects. Similar mechanisms should influence dispersal decisions within species and individuals are expected to choose dispersal strategies according to an interaction of individual factors (e.g. age, sex, phenotypic quality) and external factors that affect fitness (e.g. quality of the breeding opening, population density, mate quality). Hence, within species, we expect EC to play a role in limiting independent breeding. However, the two levels of analysis should not be confounded.
We also expect parental investment strategies in offspring and parent/offspring survival ratio to influence investment and hence offspring dispersal decisions. This can be tested through comparative studies by analysing parental and offspring survival in relation to dispersal and reproductive decisions of offspring. These studies can be field based or literature based, as better quality data from long-term studies become available. In some systems it should also be possible to manipulate (improve) parental or offspring survival prospects to provide an experimental test of this hypothesis, although it might be difficult to achieve this without manipulating resource levels, and hence it could be complicated to distinguish the effects of the two.
Resource levels and predictability (after the breeding season) and low within-family competition are also crucial factors to allow family living. Studies that manipulated resources to modify dispersal behaviour have already been conducted successfully (e.g. Dickinson & McGowan 2005; Baglione et al. 2006) and provided support to the idea that an experimental change in available resources affects the offspring dispersal decisions. At this point, a The directions of the relationships between traits or factors are illustrated by 'plus' for positive correlations and 'minus' for negative correlations. Species with high survival tend to start breeding later in life and can invest more in offspring. These two factors combined can cause offspring to delay dispersal leading to the formation of families. Environmental factors such as good breeding conditions will promote dispersal. Resource availability allows parents to invest more in offspring without incurring strong costs. However, parents should only prolong investment in offspring if this increases offspring survival prospects substantially without compromising their own survival, and thus there should not be parental investment when offspring survival is too low or too high.
decisive experimental test would be to cause offspring in a non-social species (from a family social clade) to delay dispersal and form family groups through continuous food supplementation or improvement of other crucial resource. Such a change of behaviour, if obtained in a situation where nearby breeding vacancies remained available, would be in striking contrast to what is expected under EC hypotheses.
Previous comparative analyses have failed to find an effect of 'ecology' on family formation among species (Cockburn 2003) . However, we propose that ecological factors which affect the survival of individuals and the predictability of access to resources might reveal significant associations. This could be investigated by manipulating and comparing different populations or through broader literature-based comparative analyses.
Finally, when offspring decide to postpone independent reproduction and the parents tolerate the presence of young, remaining in a family group should be the best strategy, in terms of lifetime reproductive success, for offspring to follow until becoming breeders. Tests of this hypothesis might only be possible intraspecifically, where fitness of offspring with contrasting strategies is compared. Good evidence in support of this hypothesis is already available from field studies (Stacey & Ligon 1987; Ekman et al. 1999 Ekman et al. , 2001b Griesser et al. 2006) , but more studies in other systems comparing lifetime reproductive success of individuals with delayed versus prompt reproduction are needed to substantiate or reject this hypothesis.
More generally, studies on family living have normally focused on costs and benefits of delayed dispersal and helping behaviour in cooperative breeders. We suggest that we should look to alternative systems in order to progress. Novel and important insights might now be achieved by studying non-family-living species in familyliving clades (e.g. Green & Cockburn 2001) or species from non-family-living clades that have cooperative behaviours. In addition, the overwhelming majority of studies have focused on what happens during the breeding season, but to reproduce individuals must survive the nonbreeding season, and thus the factors affecting the survival of individuals outside the breeding season should be crucial. Finally, it would also be important to understand why delayed dispersal and family living are not found in many species (both short-and long-lived) living in saturated habitats. In fact, most situations where kin associations should be found but are not might provide the best opportunities to falsify hypotheses and obtain novel insights into the evolution of family living.
